INTRODUCTION
Life expectancy at birth of Hong Kong has taken one of the world's leading positions and reached 81.2 years in men and 86.9 years in women in 2014. 1 The lengthening of life, however, does not mean that Hong Kong people have years of life with better health and independency. Therefore, concern has emerged about whether the increase in life expectancy will be associated with more disability and higher demand for medical and long-term care services.
The examination of the trends in late-life disability is important, both in the context of the ageing population and because disability has a wide-ranging impact on health and social care systems. Substantial epidemiological studies have shown that the Strengths and limitations of this study ▪ The surveys were population-based, which provide an updated examination of disability trends among Chinese adults in Hong Kong aged 65 years and older. ▪ This study includes the adjustment for multiple potential cofounders, including sociodemographic characteristics, lifestyle factors, comorbidities as well as self-rated health, which are known to influence functional status. ▪ The surveys ended in the birth cohort 1947.
Therefore, we were unable to examine the cohort differences on disability between prewar generations and postwar baby boomers, whose earlylife and mid-life experiences were remarkably different from each other. ▪ Information on birth place or risk factors in early-life and mid-life that may affect disability at older ages was not available, limiting the ability to identify causes of the increased disability burden in late life. ▪ Finally, our results only apply to the communitydwelling elderly. Disability prevalence in institutions tends to be higher than that in the community.
proportion of age-specific disability has been decreasing in recent years; [2] [3] [4] however, other studies have reported a flat [5] [6] [7] [8] or a contrary pattern indicating that late-life disability has been increasing. [9] [10] [11] Aside from the period-based trend studies, very few studies examining the disability prevalence have adjusted for cohort effects. Cohort effects reflect changes applicable to individuals born at a specific time, which is an important dimension for understanding the change of population health over time.
Not until recently, an increasing number of studies have now investigated the existence of cohort differences in the trends in late-life disability. An analysis of data from the National Health and Nutrition Examination Survey (NHANES) demonstrated a significantly higher activities of daily living (ADL) limitation, instrumental ADL limitation and impaired mobility among those aged 60-69 years interviewed in 1999-2004 than their counterparts interviewed in the 1988-1994 survey. 12 Another US study showed that newer cohorts of older adults became more disabled, controlling for ageing and period effects. 13 A recent analysis of older adults provided further evidence about the cohort effects on disability in older adults across different countries.
14 For example, in the USA, the levels of ADL disability steadily increased in the cohorts born between 1916 and 1935, and fell thereafter until measured in people born in 1952, and increased again in the cohorts born between 1952 and 1954. 15 In England, the levels of ADL disability remained constant in the cohorts born in the 1920s and rose in the cohorts born between 1944 and 1946. 16 A smaller study in Brazil suggested recent cohorts born between 1927 and 1937 had better physical functioning compared with their older counterparts born between 1916 and 1926. 17 As far as we are aware, no such study examining the trends in ADL disability in older Chinese people has been undertaken in Hong Kong; therefore, it is necessary to explicate these trends as shown in other health studies. Using data from a large population-based sample of older population of Hong Kong (born between 1904 and 1947) collected between 2001 and 2012, this study examines the trends in ADL disability among older Chinese adults aged 65 years and above using age-period-cohort (APC) models.
METHODS

Data source and study population
We used data from the Elderly Health Centres (EHCs) of the Department of Health, which started to collect longitudinal health data from a large population-based cohort in Hong Kong since 1998. Eighteen EHCs have been established to deliver health examinations and primary care services for older adults. All residents of Hong Kong aged 65 years and older can voluntarily enrol. Enrolees in the cohort received standard medical examinations at baseline and were encouraged to have the reassessment every subsequent year. Enrolees found to have health problems would be referred to appropriate specialists for further management. As of 2014, the cohort consisted of ∼140 000 older adults. The details of this cohort have been described elsewhere. 18 In this study, we retrieved all baseline data from the EHCs of individuals who were first enrolled between 2001 and 2012, and excluded those who were institutionalised (n=589) and those with missing data on living arrangement (n=2) and ADL disability (n=293 
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Variables ADL disability A modified version of the Katz Index of Independence in ADL was used to measure ADL disability. 25 Respondents reported whether they needed (1) no help, (2) partial help or (3) were unable to do five of the six activities in the Katz ADL including bathing, dressing, toileting, transferring from a bed to a chair and feeding. Incontinence was not included because it may be present in individuals who otherwise display no disability. [26] [27] [28] Two additional activities, used by Branch et al, 29 were also assessed: grooming and ability to walk across a small room. The number of activities that respondents reported as needing help or being unable to perform was calculated for each evaluation. Total possible scores of the ADL scale range from 7 to 21. ADL disability was defined as being unable to perform at least one of seven ADL independently (ie, a score >7 indicates ADL disability).
Independent variables
The main independent variables in this study were age, period and cohort. Age was treated as a continuous variable. The top-coded age for 2001-2012 was 99 years. Period indicates the year in which the respondent was interviewed. It ranges from 2001 to 2012. Birth cohort was estimated by subtracting age from period and we subsequently grouped these cohorts into 3-year cohort bands to break the linear dependence among the APC dimensions, known in demographic research as the identification problem. Individuals born between 1904 and 1917 were merged into the birth cohort of those born in 1917, taking into account the gender-specific distribution of birth year for the total number of men and women in the study. We also adjusted for respondents' sociodemographic characteristics including marital status (never married, married, widowed/separated/divorced/others), educational level ( primary or below, secondary and above), employment status (working full-time/part-time, unemployed/retired/ home-makers/others) and type of housing ( public and subsidised housing, private housing, others), lifestyle factors including physical exercise (no exercise at all, exercise at least once per week), smoking (non-smoker, ex-smoker, current smoker) and alcohol intake (nonregular drinker and regular drinker (current drinkers who were drinking 4 days or more per week)), comorbidities including body mass index (BMI, kg/m 2 ) and the number of prescribed medications (none, 1-4 items, ≥5 items) as well as self-rated heath (compared with 1 year ago; better, more or less the same, worse).
Analysis
Consistency check and data standardisation were performed prior to data analysis. Data were presented in 1 early cohort (1904) (1905) (1906) (1907) (1908) (1909) (1910) (1911) (1912) (1913) (1914) (1915) (1916) (1917) ) and 10 3-year birth cohorts (ie, 1918-1920, 1921-1923, 1924-1926, 1927-1929, 1930-1932, 1933-1935, 1936-1938, 1939-1941, 1942-1944, 1945-1947) . To calculate the prevalence rates for ADL disability, we used a numerator consisting of the number of individuals who reported a limitation at a given time point and a denominator as the total population at that time. To examine the trends by APC, cross-classified random-effects logistic regression models for ADL disability were fitted separately for men and women. ADL disability was dichotomised into a categorical variable for ADL disability (ADL score >7). We used validated BMI values by examining the range of values for BMI and excluded non-physiological values: BMI<10 or >60 kg/ m 2 . Prior to model fitting, age and BMI were standardised to have a mean of 0 and a SD of 1. Furthermore, BMI with non-physiological values identified earlier were replaced with the value 0, and missing values for the other categorical covariates were imputed using the most common category. In each regression model, the ADL disability was regressed on age in linear and squared terms and covariates including sociodemographic (ie,
intake), comorbidity (BMI, number of prescribed medications) and self-rated health in the fixed-effect portion of the model. We also specified the random intercept for each period (3-year band) and cohort (3-year band) with the exception of the initial oldest cohort (1904) (1905) (1906) (1907) (1908) (1909) (1910) (1911) (1912) (1913) (1914) (1915) (1916) (1917) , which covered a broader range of years to ensure a sufficient number of participants. In addition, the predicted probabilities of ADL disability for our models were calculated separately and plotted for each APC dimension and for both genders. The estimated probability of ADL disability for a particular age, birth cohort and period was obtained by substituting the age, birth cohort and period of interest into the fitted logistics regression model and applying the inverse logistic transformation. For example, for the unadjusted APC model with combined gender, the black lines for age (figure 1A), period (figure 1B) and cohort ( figure 1C ) are, respectively, created by the following formulas:
Here, −4.54 is the estimated intercept term, 0.44 is the estimated coefficient for the age term, 0.05 is the estimated coefficient for the squared age term, α period is the estimated coefficient for the particular period effect and β cohort is the estimated coefficient for the particular cohort effect. All analyses were carried out using the Window-based SPSS Statistical Package (V.21.0; SPSS, Chicago, Illinois, USA) and p values <0.05 were considered statistically significant. Table 2 shows the characteristics of the study population by gender. The mean age of cohort at the time of study was 70.9±4.7 years (range 65-99 years). The prevalence rate of ADL disability was 1.6% (data not shown). Women (1.7%) were more likely to report ADL disability than men (1.4%, p=0.001). Figure 1A shows the unadjusted age trends of predicted probabilities for ADL disability. CIs for the trend are also shown. The unadjusted predicted probability of ADL disability increased continually with age. The increase was more prominent among the older age group as shown by the steeper slope of the lines. Women had higher predicted probability of having ADL disability than men. The disability gap between women and men have widened overtime. With adjustment for sociodemographic characteristics, lifestyle factors, comorbidities and self-rated health, the trends were becoming less disabled but remained significant ( figure 1B) . Figure 2A shows the unadjusted period-based trends for ADL disability. A relatively flat trend was observed between 2001 and 2003, followed by an increasing trend from 2003 to 2012. The increase in ADL disability was more pronounced among women than among men. After adjustment for sociodemographic characteristics, lifestyle factors, comorbidities and self-rated health, the upward trends from 2003 to 2012 appeared to have diminished but remained significant, but not among men ( figure 2B ).
RESULTS
In contrast, the unadjusted and adjusted cohort-based trends of ADL disability were essentially flat and the trends were similar for men and women ( figure 3A, B) .
DISCUSSION
This is the first analysis using data collected from the EHCs to examine the APC effects on ADL disability among community-dwelling older Chinese adults in Hong Kong. Our findings show that disability increased with age and the increase was more prominent among the older age group. Furthermore, women have a higher predicted probability of having ADL disability compared with men, reflecting that they live more years of life with more disability. For both genders, there was an increasing trend in ADL disability between 2003 and 2012. However, there was no cohort effect in ADL disability.
In comparison to the National Health Interview Survey (NHIS) among older adults aged 70 years and older, 13 we did not find a stable According to the Census and Statistics Department of Hong Kong, while the age-specific and gender-specific mortality rates for both genders and all age groups were decreasing continuously from 2003 to 2012, 30 there was an increasing trend in chronic diseases from 2007 to 2013. 31 Similarly, among the EHCs cohort, the proportion of older adults reporting four or more chronic diseases increased from 4.9% in 2003 to 8.9% in 2012 (data not shown). The increasing trend between 2003 and 2012 may also reflect the growing long-term care demand. This is supported by the increasing trends in waiting time for admission to subsidised residential care homes for the elderly. 32 Thus, it may be that individuals with disability who would have lived in institutions a decade or two ago now lived in the community, and were captured in the EHC cohort.
Unlike the period-based disability trends, for both genders, the cohort-based trends were essentially flat. In comparison to the NHANES among older Americans aged 60-69 years, 12 we did not find an increase in ADL disability in recent cohorts between 1930 and 1944 as the ADL disability trends remained more or less constant among the entire elderly cohorts born between 1904 and 1947. However, that study only compared disability rates among older adults between two aggregated NHANES periods (1988-1994 vs 1999-2004) . Our results were also inconsistent when compared with NHIS, another US study among a much broader spectrum of elderly cohorts, which demonstrated a moderately increased trend in ADL over successive birth cohorts born between 1885 and 1935; 13 or a series of analyses of data from the Health and Retirement Study (HRS) of people aged 50 years and older, which have reported increases in ADL disability across consecutive cohorts born between 1916 and 1935. 15 The US obesity epidemic has been suggested to explain the increase in disability rate across successive cohorts. 13 However, the author of NHIS reported that BMI did not account for the cohort-based increase and concluded that the upward cohort trends in ADL disability remained unexplained. 12 Alternatively, selective survival effect may help explain the healthy cohort effects in disability in older cohorts because the older cohorts, who have survived a variety of hardships or historical contexts yet who were still able to walk in for the assessments have to be more fit, with better capacity to undertake the physically demanding tasks (eg, agricultural work) and hence better ADL. However, since the majority of our participants were born during/before the Chinese Civil War, the Second Sino-Japanese War or the Cultural Revolution/Pacific War (ie, prewar generations) and moved from China to Hong Kong during their young adulthood; the relatively homogeneous characteristics of this cohort may mask differences in trends in ADL disability.
In contrast, our results are consistent with the findings reported in the Survey of Health, Ageing and Retirement in Europe study (SHARE) 16 and the English Longitudinal Study of Ageing (ELSA) in England, 33 whereas the levels of ADL disability seem to have remained more or less constant in cohorts born between 1920s and 1940s. Nevertheless, a recent study (UK Family Resource Survey) of ∼97 000 non-institutionalised older adults aged over 65 years and born before 1945 revealed a significant falling trend in functional difficulties (defined by the presence of any long-standing illness, disability or infirmity) among men born between 1924 and 1945 but no evidence of cohort-based trend among women. The author found that the cohort-based trends in functional disabilities were related to socioeconomic status (SES) and that SES inequalities in functional disabilities increased among successive cohorts. 34 In the present study, we found an improvement in SES (in terms of educational level) while disability remained quite stable over the successive birth cohorts. Trend in SES may therefore not reflect cohort-based trends in disability in our populations.
Although our findings are not able to determine the underlying causes of the period-based trend in disability, the increase in the period-based trend in disability observed in this study may be accounted for by better survival among people with chronic diseases, resulting in an eventual uptick in the disability burden. Further research will be needed to consider unmeasured factors that correlate with disability, such as early-life and mid-life factors. Interventions should be developed to improve physical functioning in older adults. Continued population-based survey of the elderly will promise to contribute to our understanding of the determinants of disability as well as their onset. Moreover, health policy approaches that help older adults live independently, such as the increase in use of preventive services, and creation of age-friendly environments to optimise independent functioning.
Several limitations of the current study require discussion. The earliest and latest cohorts did not capture a full age distribution (eg, the ≤1917 cohort only covered respondents at older ages of ≥85, the ≥1937 cohorts only covered respondents at younger ages of 65-74 years), thus biasing the estimates for cohort trends. Individuals born between 1904 and 1917 were merged due to their comparatively small size of several age groups, thus limiting the number of birth cohorts being studied. The surveys ended in the birth cohort 1947; therefore, we were unable to examine the cohort differences on disability between prewar generations and postwar baby boomers, whose early-life and mid-life experiences were remarkably different from each other. Information on birth place or risk factors in early-life and mid-life that may affect disability at older ages was not available, limiting the ability to identify causes of the increased disability burden in late life. The EHCs sample was not generated from population random sampling but rather through voluntary participation; those who were frail and home-bound would be underrepresented; therefore, the prevalence of ADL disability may have been underestimated. However, the EHCs services are not designed to address a single specific question, but to provide primary healthcare services to the elderly in Hong Kong. Finally, our sample had higher proportions of young-old (aged 65-74 years) than that in the general population; and only captured the community-dwelling elderly; therefore, findings should not be generalised to the oldest-old and those who are institutionalised, as disability prevalence rates in the oldest-old or those living in institutions are much higher than that in the community. 35 Despite these limitations, the surveys were population-based, which provide an updated examination of disability trends among Chinese adults aged 65 years and older in Hong Kong. Although the prevalence rate of ADL disability was low in our sample, the number of disability cases was sufficient to evaluate the trends in disability in the community, with similar trends being observed when institutionalised participants were included in a separate analysis (data not shown). Other strengths of this study include the adjustment for multiple potential cofounders, including sociodemographic characteristics, lifestyle factors, comorbidities as well as self-rated health, which are known to influence functional status.
In conclusion, the ageing population combined with the increased survival and risk of disability will have major implications for health and social care systems. Although there is no a priori reason to suggest any increasing trend in disability in the future survey years, the prevalence of disability will be increasing due to the growing number of older people. These patterns might help forecast the future risk of disability of and hence, to inform healthcare planning and the priorities for resource allocation.
